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(54) PERPENDICULAR MAGNETIC RECORDING MEDIUM AND MAGNETIC STORAGE 
DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
perpendicular magnetic recording medium which is 
improved so as to be suitable for high-density 
"magnetic-recording and a magnetic storage device 
using this medium. 

SOLUTION: The bacl^ing magnetic film of a two-layer a; — 
perpendicular medium is made to have two or more 
layers so that one of these layers is used as a keeper 
layer 17 for keeping the perpendicular magnetization 
and the others are used as the layers 13, 15 for 
increasing the recording efficiency of a recording 
head by separating the functions of the medium. The 
generation of noise is reduced by regulating the 
magnetization direction of soft magnetic film other 
than the keeper layer to the peripheral direction of a disk. 
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«*rSj * In] # fi8<k**SllSiE L- T v> -6 i i: i: i- * fiE 

Ifi*«5i ~4 ov>-f*T.*^i:siB«<^sfi: 

iS^-fBiiiK^ l^isv^-G,- -MIBSaiK^bKK v^fiJxDilfcjcg 

■ftl^OJ? ? 1 0 n m JJ)L± 1 0 0 n mJiJ.T"C* * i 

t (Omi^Wi&^m t L- < lltafDSa-fk** SOemu/cc 
[«*«7l s»*«l ~6<^v>-fn*^l«fB«<^fi« 

im^JlS] W*:^ 1 - 7 <Ov>-f ^t*^ 1 «fB««^Sit 

C o-P t-g-ife3l«±F e-P t^^il'h^Zy^'^^Bm. 
C oZ{±C F tXI±P t ^^t^h^j: i>^^BB0' 

*^)VMiC oX«4C o-g-^t P dX<4P d-&^:6> 

m^lBflt«#: ic i3 T ^ iff BSa:fig<t:IK*^*#±!S7n^ =Sr 
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[Si^JllO] if*Jl2lBmoSE?e^lBlij«^i:(;i3 

m\i.m*^. B, C. Mg. A I. Si, Ti. V. C 
r, Cu, Zr, Mb. Mo, Ru, Hf, Ta. W, 

l--^.-^^, Si3N4, BN, B4C, N i 0, Al 
2O3. S i O2, CaO. Zr02. U s Oi^h^litifz 

10 1 1 1 1-10 (OV»-f 1 JaiB«<0 

SitaS^IBISiR^^tciav^T, 11ltBSElS'ftl^i::JSv>$feBB[ 
itrnt^n^m^m*^ 1 T Ji)L±0 F e - S i - B , F e 
-B-C, Fe-B-C-Si. Fe-Ta-C, Fe 
-Si-Al. Fe-Co-C, Co-Nb-Zr. C 
o-Mo-Zr, Co-Ta-Zr, Co-W-Zr, 
Co-Nb-Hf. Co-Mo-Hf, Co-Ta-H 
f. Co-W-H f '&^-rd?)4ii:Sri|*«i:-r«.Sit:«S 

2] SiI«S^fBlii«#*fflv^/ciS^iB«^ 

20 fiic^v^T. mti.mm.m%mmi^t t-cw** 1 ~ 1 

1 <^5v>•r^^3i» 1 JllB«OSitfiBi^gB^j«'(^=S:fflv», 

it (Bsm) tjp^ (t) . ?S^IB^lCi3tt-&fiffi<0lf 

hft (Bm i n) t SEBft'fkBlO^JiKOlfe^naE'fk (M 
s) tOf^\Z^ 0. 5 Bm i n - MsSBsn, - t 
■S;i*SS;2:L. Ld^fc t < 1 0 0 nmt?**i i:Sr4fSii: 
-r*lfi^lB«^Mc 

3] Sit?S^IBISii'*^fflv»7tBS^fB1t.S 
Birisv^r. irlBSittSa^lBli/Kfl^t LTII^S 1 ~ 1 
30 i(7)v^-fn.*-i:fi|B«OSii:iB^IBIi«E#*fflv». 

SEflS^faii«#^Wm#gcO«fc?a^BlOfe«Hi8'fk (B s 
tip? (Tm) . IB^lCfflv^*^-;' K®S*i-*l-0«&^D 
SS-fk (Bsh) hY7-yi7f^ (Tw) tOf^tC 0. 1 
6Bsh-Tw^2 (Bs.-Tb) ^Bsh - TwOM« 

[0 0 0 1] 

40 icM-t2>o 
10 0 0 2] 

t ^^Ti5::5|S] tclS'fk Lav^ffirtilK^IBI5it'f^tc»«i:¥ 
* WF*3«aiE «• iS^S* -S) i t i: ^ o 

rv^>?>c, i w:^^T-tBfBf5^-ig> ^\zmum^iw\i 

■rtzib\Z\t. ffiF*Ht£^fBI»jK#<OtSJS:^3«rl6]±1--&t t 

jg^j^M k O e ^®x>5.i:> IS^'^ •;' K (c J: -J. IBISES 
50 jiic^tlj, S/^iSEl4m<0l?$*«C o-g-^^fiftttJ^fti 1 
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6tl ^: H Si SI $ n T V ^ 4 o 

lo 0 0 31 mmm^tim:fs^imi^mi^<^mmizmm 

v.e^izi^^m^^umzmLfz:fj^tLxmB^ti. a 
m^mmizmLfzmi^(r>m^^j:t't^^^^itx\^^i,o 
mum%um-^^ Kitmrn (ommm-fm s- « v» a t 

IEEE Transaction on Magnetics, VoI.MAG-20. No. 5. S 
eptember 1984, pp. 657-662, "Perpendicular Magnetic 

Recording-Evolution and Future" twfBj^^tLTV* 

. * if oocisttKe ^ 4 * Sirs ± C o - C r -^^^J- 

[0 0 0 4] 

«-fflv^.5,Slt:iS$ll5»**l; J: 1} 4 0 G b/ i am± 

v6„ 

[0 0 0 5] 'fXli. SElS'fblgtSfHSttK'O 

XcOMIi^ fi^JAl^IEEE Transaction on Magnetics, Vo 
l.MAG-20, No. 5, September 1984, pp. 663-668. "Cruc 
ial Points in Perpendicular Recording" ICfBiSStt 

K. Vol.21, Supplement No. SI, pp. 104-108. "SSfi 

il:j«#<7)]fts/N'fbS0'I2IJ«^O$^14" \z^hfii> 
i^\Z^%'&iXX\^^^i>^. 4 0 G b/ i nm±Oi^^- 
SJS^I2li34*Br fg fiS^IBH^g itir Z,tzib\z 14 

10 0 0 6] ummt*-h<Dm.%m^^m.im^^i>}^. 
x\i. 2mmmmummmtWtt]*>mm.^iWfzti: 

nhixz>>^m''hi>i>^. m&<r>i.^\zmT-*bm&'&m^z 

@ * >5r ;^ ^ ^' y -1' X tJ* # T Fp^ M * 75* *> o T^c o 2 ^ S 
n^X\i. nm^-y KOSEata^Sr*lf4 7ti6lc, fSffli'^ 
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^tiX^'^fz^ 

[0 0 0 7] :i^w^<r>%mu 2mmwiL%^mm.^h 
(1) ■^■mwm^^m.'iSL. (2) iE^ffliib«:^sjiSois 

( 3 ) SB^'v KS!)^*56« L T . <o:*: i 

^ Fp^ S t o T V > ^ JT *. IC @ :t O y X Sr C 

*S'S:lStt1-*C:i:tCJ: 4 0 G b / i nZJiliOiU 

10 ji, !^«jKiBi$«ig**mi--&/w*osEiS^ia«t«i«: 

10 0 0 8] 

'omm.v!i.%%uwk'ii^-^n^-tz,iz^\z^%^x\t^ w 

14»«±tc^*T?ettM=£:i^L-CSii:M'fb]^*«^»tt>*t;t 

-env^ ir:^'*! $ itTt 2 
20 iJO, SEfiS-fbmi-JSv^fiyogfcfigttlgliJSiaja^bSrft^ 

^4K<7^^^s■^bl±ffifB^fc^sft^-^^•-ii t (±?Sjto:^ifi]Sr# 

. t*#mi:1--&S]i:flft^lB»«^*:-Cfl|jj5E$tL-Cv»& 
[0 0 0 9] 2SSlt:?S^;B@«|#:(Ci3(t'S>£jT«I1^SI 

<o?£tijj4, (1) sl:^S'^bK^rf^^^^^7t^B'^b*^^'fb 

i: t «> tcJR^^®;J-t>»a-r-5fi8-(bSfi«Sr*i:feS 
(2) IB^'N!/ KOfB»«j^*iB*$*-6, it 
\zh^. ^%m^\t%WBLXf^^\zi.^. 
30 KSr#5gOfl|^t?#-^'fb-r-i.-ttcj: ij, ±|Bi|fm«:^ 
*»LooSe5|5<OFam«4-S!SliRf § -5. i t *^v»te L^o 

[0 0 10] mii&.xfmi^^m'^ttiifi^. ^^mzi. 

1 li^jcis?^ \zi.i, mwsik^^%%^^<r>is(mm^m. ni 2 
i4«fc?a'ttiRo5S^b:^isi s- ^-r <o A - A tsf w«s:bs 

«0**«5it LT, SttiiS'fbKlclBfik^itTtJSjbSr^^ 

-fb^-^i 1 1 <> \.z%mmmi}^hm^-t^m'd^m-^^% 

$-^^IS:«l*#ofc$i:fiattKl 7 t. iomi4)Klcljnx 
40 riBli^-;' Y(r>m%W^^\znJs-ti>fzt>\zWi\'!htk 

m&m 13. 15 *«5:v» tc^^isati® 1 e -c^si § tix v» 

f&.mifzmn^^^Tf^'Lfzo 
[0 0 11] 2mmmM.^\zm-^tii7./^^^^(r>j 

*^*n'bttrvv;5.o ^jc^^^-cji, El 2 ir^-r i ^ tc. srr 

3. 1 5 <01S 

'fb:^|fi]2 0, 2 1 SrUVHCiJfr^Fff t t7&»t^«l 
136«R««X***&'&ICI4, iS<bO:JJlfi]«-R«36«oM 

50 ijjrfiitcjiiix.'&o S::^ifiiic«s<boi^i;S-S5g-r-&c:tirj: 
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3, 1 5l4^S^J^^■«-'^^-fl?)tc£v^^c 

2 e m± ic^e-fk L tzm^ i>. s vnc a!¥=?f i:: 

ii't#«5S'fk® 1 2 Sr^lt'&'OTii^M* Lv»o -OS 1 2 
[0 0 121 «>:mi4l^<^fi8E'fb:^l^?rR^5«0*«<r)^:& 

^i- * ai^ f ijffl -r If ^ v^o 

[0 0 131 «int><^)ifc}attffill 3, l 5<D± 

\z$miimi 6«r^LT, SitfiS'fkKl 8lc|Sli$n;t 

5fiK=&ii:fc$-^-5tS:#J*^o?'^*fc«S1±Ki T^rlSrtt&o 
v».£^ilJ±=6:v>„ S/>:, iOt)cffi14Kl 7 aSHfia-fbK 1 

8 o ra tcsi:fi8i'fi:ig<^ifes«fi*J«ffl * ^ '"J" A 

v>o 2®Sii:sai'ffci^o#m*-*7S-r7^^*»^i±. *s 

**50emu/cc J^J.T<0|HStt*t^ L < l±0^«S14*t 
[0 0 141 «E<*«B 

iJj<Ol&#PfiS'fb=£-M s t^ 0. 5Bmin-MsS; 

B s» • t ro®H*«'j2«llT-jb&o 0lx.if, 

jgSr 5 0 0 k F C I (kilo Flux Change per Inch) , 

IfO^iti IT t-t it. ^<r>W-^ t a. lOnm^ti: 
ifc^o B sn • t **0. 5 Bm i n • M s -t •) fcW^^ < 
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i!:^^\,zlii}t*)^^t-r. liiari 0 0 nmm±K^:4 

t«kSS1±]K<^l¥#7j*:;^^ < ^"^^ fciaiilgt^ ASSESS 

y-fXroflifeil?.i:Ji:2.<0-CM$L<i:<'S:*o tfz. m 

mi:iSin^-txmtti^mo^ss^iftm^-tz,tci^[zii. 

10 <, ^^ffllJtc^tt'S-^-;' K'OiaiiJsb^irffi/tt'&tSifSiri- 
aikflftttlSofi&fDffi^bJ: ±^\'^mmmt<r>u^im 

[0 0 151 iT^^. ftitfiS^bmoi5< i-IStt-&lfc«S14l^ 

tafna-fbSr B s B t -r -5. t , tzmm <r>^ -j ywrni^n 

(Bsh) th^yfrn (Tw) «r#JSt-f^ 
0. 16Bsh-Tw^2 (BsB-Tm) -C*^>C: 
i:*«M* Lv»o 0. 16Bsh-Tw>2 (Bsm- 

To) t^^ts Eli^-;' K(^KI»Jctl^**fi:Ti-^, IB 

m^^^tizi^ox^^-rimi^mm(Dmikm^mi)m^ 

it-ri><DX. 2 (Bsb-Tb) SB sh • T w-r'ab^)^:: 
[0 0 161 *l£Wefflv^-&ftit5B[<bSlt L-C, iS&5|5*» 

ib^n<bii-cvi*1-'<-rcoaa<^sa:fi5'fbK*fflv^^> t 
d«T§-&o -r^t)*,, aEiS-fbrnt LT, co#^> c 

o-Pt-^^. F e-P t-g-^*'?>*orv»i|^lga 
30 #-^B^B#SK, ab-Sv^JiCo. Co-^^tPd. P d'&■ 
10 0 1 71 ^^i^UntLXli. Fe»<^Fe-N 
i. Fe-Si, Ee-Al, Fe-Al-Si, Fe 
-Cr*-&^> Ni^ONi-Fe, Ni-Mn^-g- 

Co*coCo-Nb. Co-Zr, Co-Fe^-g- 
^*-&VM4M0 • F 6 304 (M=F e, l^n. N i , C 

o, Mg. zn, cd) x-m^fi^yy yy 

40 m\'-'i^ ti)^x^ # irilitES'fbm<7)i5< i-^tt-i)*: 

t L < llfSiteS i: S F e »-g-&<0 F e - T a - 
C. Fe-Si-Al, Fe-Co-C, Fe-Si- 
B, Fe-B-G. Fe-B-C-S i -g-^, RVCo 
^-g-^OCo-Nb-Z r, Co-Mo-Zr, Co- 
Ta-Zr, Co-W-Zr, Co-Nb-Hf, Co 
-Mo-Hf. Co-Ta-Hf. Co-W-Hf*«ig 

<o±uj^fiK-r 4Si:fiBi'fbK<o*sss*)«»iaB'fbL^i- < , 

50 L;&-<>Siv»SE5Bt^^*tt«:##$-t-S./«:*lc»a'^* 
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[0 0 181 t^mi±mnr^i:»^-ri>M^u^t lx 

l±, B. C, Mg. Al. Si. Ti. V. Cr, C 
u, Zr. Nb. Mo, Ru, Hf. Ta, W, AuiP 

±. S i 3N4, BN, B4C, N i 0. A 1 2O3. S i 
O2. CaO. ZrOz. M g Od^fjSlfnfc-fk^^iJt) L 

l±, LTm^Stn;o^5v»B. C, S i , S 10 

i3N4. BN. B4C, N i O. A 1 2O3, S i O2. C 

[0 0 19] 

;R5iiett#^WF e - 5 0 a t %MnKl 2 Sr 5 20 
Onm*, tfeJS'tt^l 3 tL.TCo-5 a t%Nb-5 
at%Zrffil*50n mJJ , #f?S14*t3is^S 1 4 t LT C 
uK«r3 nm, Wcr$fcfiS14K 1 5i:LTCo-5at% 
Nb-5at%Zr 5 0 n mJp. 1 6 t L 

TCBI* 1 0 nmlf, 1 7 t LTlSftSBf-fb** 

1. 6 TOF e - 8 a t % S i - 1 0 a t %BK?- 3 6 
nm<OJ*ejg^L, -eo±trSEfi^-fl:Kl 8 i: LTC o 
-20t%Cr-8at%Pt-3at %BK?: 2 5 n 

M^-CJKfiSiLTtc, ;^>'«-;' ^'COA r *';^JE*=S- 3 mT o r 30 
:x.y<y:J'>'t7-2 0W/cm2, 5 OV 

Ti'Wtnfz^m^mi 7*:Fe-10at%B-2at 
%C, Fe-8at%B-2at%C-4at%Si, 
Fe-5at%Ta-3at%C, Fe-9at%Si 
- 5 a t %A I - 1 a t %N i , Co-5at%Fe- 
4at%C, C o - 6 a t %F e - 4 a t %B- 1 0 a 

t % s i -k^t L;tJii^»4«rfBi:i^«J*aii:««:*f^S!i 

Lfzo 
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10 0 2 01 Jti?M*^l t LT, m^SOO nmON i 
- 2 0 a t %F e>'N°--7D^co^S*^fj=5:^S*U5S^]K 
Ofy 7.&m±l>zm^L. Co-20 t%Cr-8a t 
%Pt-3a t%BIII«-25nin, ^Umi 9 t UT* 

n-Ximttzo itWtmMZ t LX. it^¥i.m tclsv^r 

m.miimtmm<r>mzKii&m^i»^<oF e - 5 o a t % 
MnmirM&L fzmmm^tzmMi^iim l tzo 
[0 0 2 1] imLfzmum%tzmm^<Dt^it&itmizr 
^ :^i'm:^mizmtiu^-ri>fzit)\,z^ m^'pmmmi 

ttLxm.Mt^j:Z>ioi,zr-^ :^i^'P't-'^<r>lUz^^m^ 
iMLfzo M^MWzmMi-i>^t\iZJ:-oX. r-i :^{^ 

(om-^iflUzm^-rz'^mim^L-o'o. mM<oi§L&i2. 
5 ox:7i^h^7MLtx^^i- z, z b iz X ■z>xm^'¥m9!km 
i:'^^fzo *-i^^fm.m\zX':>xm^'&m(rim\:<o:M 

B&112 iw^f J: d ic«t?7'-f -X ^'o^:^&[6j»cjiioTv»-& 

[0 0 2 21 ov»-c, C::itC,<DtmoiE^S^!|f1^?riE 
flfeW^fl-iBIMoeS^^u' KSrfflv^TlffiiliLfco 
le^'s-;' K(^F e -N i -g-^lS^gcO h 9 ^-ipiliO. 5 

«0 h 7 -7 rJ' ifiJi 0 . 4//m, v-;i'Kraill±0. 0 8^ 
in, S!I5eI^(0;^'^-->V^^I±0. 0 2 fimbhfzo 4 0 
0 kFC I 0?a^lS^*^T*:ofc*-^OjK<*OS/N 
it^PW 1 <^ S /N tc**-r ^ffijktffl t L Tiffljg L 
tzo fB^^«lt6t4M3£i!tai^IO^^t«r*i»fB^®KD 
5ot LrT-iB^iE8^b5^St±Jt^«#i tc*ri-<2,ffl*^ai:t) 
i: L-C4 0 0 kFC I<Dfeii«-^m^I*jl!l5eU^Co * 
tz. i^^<r>y ^ ^(D^^mmim^L. IV^ y 

^ im^hfz*) imi3.±^iii^iifzm^^>i. ^i^<r> 

[0 0 2 31 
[^1] 
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(50nin) 










I>3O(kFC0 




1 « 


0>-5i«%Nb>Sat%Zr 
2M(50amx2) 


Fe-8at%Si-10it%B 
(300111) 




131 


293 


1-5 


2 « 


w± 


Ft.l0ai»B-23f«C 
(SOm) 




130 


290 


13 


3 «r 


n± 


Fe-8at%B-2at«C-4«l%S 

(aOnm) 




L33 


310 


\A 


4 « 


n± 


Fe-3«t9&Ta-3iit«C 
CWnm) 




1:29 


285 


. 13 


5 # 


n± 


Fe-9it%Si..Sat%Alrlat%Ni 
(SOnm) 




133 


325 


13 




H± 


Oo>5at«F6-4at5(C 
(3QIUB) 


& 


131 


296 


13 






(SGtam) 


0 


134 


314 


1-4 




Ni.20Bt%PeMR (SOOsm) 


X 


141 


240 


li) 


2 


rG.2(kaf%FeMAI (300am) 




1.15 


2«5 


1.1 



10 0 2 4] :$immM<om^timmmt. it^mi^it-^ 

3to BfiBli3fS4 0 G b/ i nZo^feftfJ^^- l^- > 
1 0 -9**?i«-e i , jSA^KIB«^S^^m i: L T ttf^-T 

[0 0 2 5] [*ifeM2] S-fV^W-^Un^ 
*'K4rfflv»-C, -7^^ h n ^-fetr J; or, 113 

«3 1±IC, atlliO#3t;t/5i'fbfflO^WttIg3 2 <!: LT 
C r^* 1 0 nm, OV^T-tfc^liM 3 3 t LTF e - 5 
0 a t %C oKl 0 nmt$m^3 4tLTRum3n 
nKOffl^^-g-*?-^?- 1 OiaaeU^to ;iO±irFe-5 0 
a t%CoK3 5^1 Onmm^Lfcm> #fiSttK3 6 
t LTA 1 aOsl^Sr 5 nmCDJS^J^^LTto ^ icl*:^ 
tt)^3 7 tL-CFe-5 a t%Ta-l 2 a t%Clg 

(tfeftifi'fk : 1 . 6 T) 5 0 n mU, SE«S'fb)K<0^ 
B^BfiESSlJt«ffl^3 8 t LTT i - 5 a t %C rl^Sr 1 0 
n m, mmmm 39i:LTCo-20a t%Cr-8 
a t%P t-3 a t%BM m^mit: 0. 4 T) 4-2 
5 nm, '(*S^4 0 b LT*-*'>)^?r 5 nmOU^Jf^ 
fiKLfwo 9<Okx iS Z ral o r r . J^-'^' 

•;;^/<7- 1 0W/cm2, at«i&iK 3 1 0 *C O^^-e 



K<0i5:< IC^lt/cF e-4at%Ta-3at%Si- 
2 a t %Bft«SttBI3 7<O»$*0~3 0 0 nmOH-C 

[0 0 2 61 ^mi\^tzmmik%siMm.^<r>m!k'f&.m~y' 

[0 0 2 7] S 7tJt^«*H-i: LT. it:S2. 5 'f >-^<^ 
40 -> 'J n >*^SlcSa:m'(l:I^O^B^B«ft$IJffl!ffllg 3 8 t L 
T T i - 5 a t % C r IK?- 1 0 n SEfia^bM 3 9 i 
LTC o-20a t%Cr-8a t%Pt-3a t%B 
K (^fQiS-fk : 0 . 4 T) 2 5 nm, 'fSS)K4 0 t L 

[0 0 2 8] %m^w-^m'o^wik%%uwkV^<r>%m^ 

;to #fiS®MieiSt^ K<DF e - N i -&ifefiBiS<0 h 7 ■;' 
i'lpSJiO. 5 2//m, ff^ffl<0E:*:«gi$ti£ta:^a*S (G 
50 MR) YnYv 'J if%\t^ . 4^in, v — ;l'Kli 
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#<os*m^)^mirii> ^±m^m.mt^m (gmr) 

V (h^-^-^iliiO. 4;im, i'-;VKHraO. 0 8 
5 0 k F C I Xtr 5 0 0 k F C I JOSS^fB^Srff * o 

;^>'«'f ^'«/''fX<??«^ai«iKSriB!l5EL3to -OffllJg-C 

[0 0 2 9] fBlt^^<0S4:ai*i:*fc«SttK<7)KJ*<OK 

0 k F C I <0«#<4JRJf *«6 n inm±-C, S 7t 2 5 0 k 

F C I <0J®-^l4m»** 1 2 n m^JiO^, ^^SltiK^*: 

«fc«Sttmi?** 1 0 0 n mm±lC^:-£> t 1 0 h 7 •> ^'Sab 
tz *) 1 <1J1JI± t * * i 1 35»5IS $ flTto 

[0 0-3 0] ■fiS:t>%. «S^|EfSiri5lt'2.SS<OVf-;/ h 

g4rBm i n. mm.mmn^^(DmmmtiM s t-r 30 

JJI.J::fe§'SrW*m**»4 7ti6lc»±. 0. 5Bmi n • 

M s g B s «, • t <o®H**'£«iir-* 19 , t fz^m^mco 
[0 0 3 1] ttz. :^mmmTimLfzm^umm^i 

>^0«S^fiait««Srf^lliL/co «;*Ci^Eim«5 0 0 
k B P I (Bit per Inch) , h y i^^X 8 0 k T F I 
(Track per Inch) li^h^j: ^MtZm^S. 4 0 G b / i n « 
20^#T-i7-U- h 1 0-9;6*W«T-i, M^mmti 

nn^^Wit L-cw)ii^-i-z,zbimm.Lfzo 
[0 0 3 2] mmm3]m^2. B-r^f-o*-^;^* 

^i-wimmitiw^m\M.m^tzmmi^iit&Lfz. 

1±(C, mm.Z r€6 2 s- l O nmJP, ^ 
ifi14C o-21at%Cr-12at%Pt-2at% 
T a^ 6 3 5- 1 5 n ml?, |fc«ai4C o - 6 a t %N b - 
3at%ZrJKi64Srl50 nmJP, ^jfi^S i - 1 5 
a t%B|g6 5*8 nmff, $fcfiS14Fe-4 a t%S i so 
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-3at%AllK66?r40 n mlf. ^^JcStiS i 1^6 7 
«r 5 n . ^^ffi'ttC o-35at%Cr-15at% 
R u]^6 8 Sr 5 n m/p, fiKfiSiti^C o - 2 1 a t %C 
r-1 2a t%Pt-2a t%Ta®[69«r20nm 
IP, Sme^kMC o-17at%Cr-16at%Pt 
J^7 0*2 nmJP, ■RSmi: LT*-*->K.7 1 * 4 n 

1 T. m^m\M\~'l5^^m\^■'s.\^fzmm.m<r>mm\t. 

SjJSJ± 1 . 4 T-c* t) > m#of&#Di»'ftffli»:*:# < 

[0 0 3 3] %fz. fltrieO«fe68ttF e - 4 a t % S i - 
3 a t %A 1 M6 6 <r>^t>^\z^ v^-f iit^fOBS-ftji/* 
1. 1 C 0- 5 a t %Nb - 2 a t %Z 

rSI, Co-4. 5 a t %T a - 3 a t %Z rK, Co 
- 4 a t %M o-3at%Zr)R, Co-4at %W- 
3at%Zrli, Co-4 a t%Nb-3 a t%H f 

Co-3. 5at%Ta-2at %H f ffil, C o - 
3at%Mo-3at%HfK> Co-3. 2at %W 
-3 a t%H f K*gS»t/cmnii|B|«<D«|atSrjfoSii: 

[0 0 3 4] ^h\z:\ m^\:i^\^^nmmMMvcWk% 

9,70 oft*? •9tCCo-50a t%Pt mSJK (M 
If: 20nm) , Fe-50at%P t^Slg (j^ff : 

2 0nm), I (C o : 2 nm) / (P t : 1 nm) I 
io#^)^, I (C o - 1 6 a t %C r - 4 a t %T a : 
2 nm) / (P t : 1 nm) I lO^SM, I (C o - 2 
0at%Cr-6at%B: 2nm) / (Pd : In 
m) t io#-SK-,-- 0^b^b!RT b - 1 2 a t %F e - 1 5 a 
t %C oSitJS'fblR (MI? : 2 5 nm) ^Wi^^! fz^X^\t 

mmi<om^nmmM^%mm.*^^mk\^fzo ^mm<owi 

S^lCi3V»T. mx.\S I (Co : 2 nm) / (P t : 1 n 

m) I lof-'iKli, 2 nmJP<7)C ol^t 1 nmIi:<OP t 

m(om.^^t>'t%:^mi om.mmLfzmMx-$>i>^ti 
[0 0 3 5] imLfzmm^^mwm^<o^mi±mizr 

^ <Dm:f;iPiiz:&m *) tciaei-^isst^jss; Loo, 
^fl-oiajKS-3 0 o*c*»^>Mast'j^^i-*.i ticio 

[0 0 3 6] JtS^t?!! t L-C, 6 1 ±C, ^^figttC r 
® 6 2 * 1 0 nmJl. ?iffi[14C o-21at%Cr-l 
2at%Pt-2at%TaJB63Srl5 nm^, tfefll 
ttCo-6a t%Nb-3a t%Zr||i64S-200n 
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mUBlS^. je«U^mi±S i KG 7 Sr 5 n mm. $m 
i±C o-35a t%Cr-l 5a t%Rul^68«r5n 
miP, mUl&itmC o-21at%Cr-12at%P 
t-2at%Ta)K694-20 n mH . SttS^kl^C o 
-17at%Cr-16at%PtE70=Sr2 n mW, 

[0 0 3 7] SEv>T, :i*tc>o^3H-o|£»S4#14*fB 

2f,m. ^^mff:>M^m^i&im»m (gmr) k 

<0^7:y^'l|1^40. 4A'^l^ v-;vKF^Pgl±0. 0 8 yu 
m, SiJ5gS#«OX^-v>^^liO. 02|iintL7'wo 40 
0 kFC IOS8^IBIi*^To;t*-g-Oii^*:<OS/N»i, 
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0 0 kFC IOfB^«^milS'iB!l^tfJo S/c, 

•? H@W±^tti$ti.;^c*'&Srx, 0. im_Ll*»* 
O. 0. l*««-©i: LTfFfiaiL/co 
mT<oa2U^1-o ^2Ui5V^T, ■PIxlf I (C 

o : 2 nm) / (P t : 1 nm) | iol±^ 2 nmlfOC 
ol^i: 1 nmJpcOP tm<om.^^i:>'iti:m*)^Ll DM 

[0 0 3 81 
[^2] 
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15 



16 



N 

CO 



B6 

-. in 

5gQ 



»9 



K 



.^3 



1^ 



« 6 



I r 



i 



« el 



i 

f el 



I 

I 



? si 



1 e 



C2 



sis 



6 

5? 1^ 



^ 3 E E^ 

131.31 



6 



c 



St 



i 

4 E'f el 



CO 

en 

i. 

is 



I. 



Si 



CO 

1 

a^ 



0 



€ E 

Si 



f E 



0 

a ^ 



3i 



C 



11 



« E 

aiai 



E € "i S E 



asasasaE 



6la 



X 

i 



St 



<5a 



If 



[0 0 3 9] ^2 tC^$tlTV»-5, J: -9 »C, :^||Jg«^OfiS 
^E^«ffli> ?im»mmt S/N*^;^^ < T L-A-i,it 
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2y.V-W^ 2 0 nmON i ORSSm^BI? 3^1? 
$ 1 0 0 nmOF e - 2 5 a t %N i $fcfiS14K7 4, I? 
S 5 nm«DS i 3N4^f5814lS 7 5> J?$ 1 0 0 nmOC 
o-6at%Nb-3at%Z rl«:iS14IS7 6, IPS 5 
nm<OS i 021^^14117 7> Jf$20nmOFe-5 
a t%Ta-l 0 a t%C$fcjtStt]K7 8> JpSS nmO 
GeK79,If$20 nmOC o-18at%Cr-l 
2at%Pt-lat%Si-3at % B SitfiS-fklK 8 

0. US 5 nm<0*-'-KV«S]^8 1 i^&L. SitlK 

10 0 4 1 1 S *blw, taiaS i 3N4#^^'ttlK7 4 coftt) 
*) iZ^m^^P^mt LXB, C, Mg, A 1 , S i . T 

1, V. Cr. Cu, Zr, Nb.Mo, Ru, Hf, 
T a, W, Au, A 1 - 1 0 a t %Mg. S i - 2 a t 
%Ti. Ti-15at%V, Cu-5at%Ag. A* 



i 

No. 




^^^1^^ S/N (iSMtt) 


1 


SZ3N4 


e 


132 


z 


B 




131 


3 


C 


@ 134 


4 


Mg 


© 1.29 


5 


Al 




135 


6 


Si 




136 


7 


Ti 




130 


8 


V 




1.2B 


9 


Or 




1^ 


10 


Cki 




130 


11 


Zr 




132 


12 


Nb 




134 


13 


Mb 




133 


14 


Rn 




138 


15 


Hf 




136 


16 


Ta 




132 


17 






1^ 



[0 0 4 3] ms iZ^Lfzmmi^^iPhmh-A-^j: X 
2 0-4 0%5!cllSit-rv»4o ttz. *§l?^lci:*SE 
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*u-50at%Ag, BN, B4C, N i 0, Al 
2O3. Si02, CaO, Zr02, MgO-CaO. S 
i O2 • Z r O2, S i O2 • C a O. =Srffl v»tiUi1-li|^ 

m^iif'^ ^&^±.^~W^W-^ 200 nmO#«OF e- 
2 5 a t %N i m=&SiT«Sttlgi: LTJgfiE -fO±lc 

IPS 5 nmOG effil. IPS 2 0 nm<OC 0 - 1 8 a t % 
Cr-12at%Ft-lat%Si-3at%B ftil 

[0 0 4 2] 
1^31 





y^l^^ SfH («««) 


18 


Au 




131 


19 


Al-10Bt%Mg 




136 


20 


5i-2iil9(Ti 




136 


21 


n-lSfltftV 




133 


22 


Ca-5at%AB 


@ 


135 


23 


An-SOtt%Ag 




139 


24 


BN 




134 


25 


B4C 




137 


26 


VTiO 




135 


27 


A1203 




136 


28 


Si02 




132 


29 


CbO 




137 


30 


ZiQ2 


^ 139 


31 


MgO- CkO 


® 132 


32 


SiQZ >Zr02 




133 


33 


Si02-CaO 


® 130 


)twtm 




X 





7 (7)^^11 1:^ L ^ciJcSg*^^^ S *tT -a w i: L 
50 UT«|gSn/c<)Oi:»f«lSh./>:o 
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10 0 4 41 mmm 51 m&m 4 tmmz. m 7 izm 

1. 8 >f"0:y7;^*«7 2±lcip$ 1 0 nmOF e 
- 5 0 a t %P t 3*SSttffil7 3, W^TinmOF e- 
2 5 a t %N i ^J&^!^7 4. nm^Cv$m^ 
)^7 5^ JP$T2nmOCo-6 a t %Nb-3 a t % 
Z r ifcfiSltim 76,J?$5nmOSi 02^ffiSttlK 7 
7, 1?$ 2 0 nmWF e-5at%Ta-10at%C 
|fcfiS14K7 8 , U ? 5 nmOT i-10at%CrJl7 
9,IP$20nm(OCo-18at%Cr-12at% 
Pt-lat%Si-3at % B SmS-ffclH 8 0, ^$ 
5 ninO*---K>'RaK8 1 ?r?F^BE LTt-aofiittlBS^ 
iBlii«#*^^SiL7^Co ClCf , F e - 2 5 a t %N i |fc 
73tCo-6a t%Nb-3a t%Zr IfcfiS'tt 
JK7 5 <^-€-it-5'ttOj?$ (Ti. T2nm) *5nm~2 

im^Lfztz:b. Fe-2 5 a t %N i^fcSSttlSStC 
0 - 6 a t %N b - 3 a t %Z r «)c®ttK<0'flli 1 T. 
Fe-5at%Ta-10at % C^fcJSttKO-fiti 1 . 

[0 0 4 61 Kf^L/^Sil:a^iefitJK#<D|E»«^4t14 

h 4 aii<ojs^^ v vimm^^tmmo h 9 •> 

WiSf^t L-C{±g:fcfi8^R«^«i*a (GM 
R ) 5'-K^^O h-y y-^ iPi li-O . 1 4 > m , v - ;v K- 
HRSJiO. 0 7 ^ mO^iiOS^^-;' K^lfeLTV^-J, 

eTOFe-CofiSffi (b95'^'ti: 0. 1 5;i/ 
m, 0. 3 0/im, 0. 5 0 // m, 1. 0 /i m) L 

fzo m^ummi^tm^^y ko^^^^-vv^^^o. o 
a^lB^iifli:-^ "j> >'< -f y >f X j±tis $ n * o 

/Co 

[0 0 4 71 ^ti-rtKDnm^-y h'<r>m^^<^tZB.^^ 

iz^mtim^s. (4 0 0 k Fc I ) <om-^i9^^fz±iz 

fiUffif*** ( 1 0 0 k F C I ) <0#-i-«:fttat:fS^L 
fc t § (7)Jgii!|feii5&]S«-t<03«#it$* - d B«^TiB!l 
jft-ij-tlciorffffiLfco HIS ir, Fe-Ni<fe«8 
tt^ (Tinm) , Co-Nb-Z r (T2n 
m) OJS$*ll^lC5 nm~2 0 0 nmOea-eSE'fk^ 

■±fzm}Am^mmi^<r>mm (Ti=T20*frf^'fb) 

t O/WOM^^r^l-o EI8 0±gBtCJix 2 (Bsn- 
T.) (D^i^-tr^Ltio itis. 2 (Bsn- T.) IC 
l±. SiHa-ftMOifi < IZ^ntzW $20nmOFe-5 
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a t %T a - 1 0 a t %C*«attK<Offi<)«l?Snrv> 

-So 

[0 0 4 8] EI8*>t>5gc,;i^i:j: ^ ic, lefi^ v h 

7 ^ $ < 4 ti t'ftffii4iini#/h $ v»®a-c A 

.LT'jZ'g^0/W>3 0 d B*»Wt)n*7t:ii)lCli, Um 

vmmMn<D^^mt (b sh) , laito h 9 5' 

us (Tw) fcSiElS^fB^^lfliOifclKlitKOKJPtiSfD 
?S^I:<7)raoM«i:LT, 0. 16Bsh-Twg2 (B 

imti$mmzimLxmm.m^ummmzim-r&^ 
■Qhi>o ^%umMw<r>m.mi^mt-fi>tz>b\z{±. 

a'<<$fcflBi1±KOig:Jft4/h$v>*A«g*t<, 2 (B s 
o • Tb) .SB Sh • Tw-eiaH+«-C*-&i i:*»5tS$ 

[0 0 4 91 ^HJfet^-e&tf^LTtF e -N i «)c«ttBI, 

C 0 - N b - Z r OtfiS&lK, F e - T a - C$fc^ttK<D 
20 lKff*-€-ti,-?'n5 0 nm. 5 0 n m. 2 0 n m i: LTtS 

9 !y ^'•i 0 . 1 4 ;u m<O^SS^fiia^ K«-a[<%i-&^-* 
8 OGb/i n2<7)^f!t:-CJ:.7- V-bSrS!l^L/w 
1 0-8J-:iTco{i**»^n;to 
[0 0 5 01 

— ^s^T''^->^'^fio*^l*«^r-tlt^^*, #tc. 4 0Gb 

30 /i n2m±<Oi^?&JK^SAf2^3il*^SI.^:5^'9x ^S«/h 
M'fb^:*:^»-fk*«sa * o 
[01Soffi#*i!iWl 

[HI] *fl§gi^J:'5ftifi«!$CiefikfiiEflt<0-CT«r^-r»f 
ffitl^Ho 

[112] ^mw<r>m.if^\^^um-ri>mmm^m^ 
[0 4] mmtm.m^<r>wmi^iiki7F^-rmo 

[0 5] m^Klti«^«0WM^*«-S^1-lIo 

40 [0 6] :i?i^m\zi.i>m.%m.%umikwnm<r>mi^-t 
ifB«^0o 

[0 8] fiS^ie^«£#:Offflfiife*Sr^-tlllo 

[?f-i-<Diji?g] 

1 1 -afem, 1 2 -RBifiBiis^t^-m, 1 3 -tkfigttK, 
I 4-tmm)s^m. 1 5 -ftaiim. i6-i^«ai^ 
1 7 -ifciatti^, 1 8 -SKJ^ftn, ig-'-sii 

2 O-Jg-fkOlnJ^, 2 l-«Bi'(k<0|6j#, 3 1-» 

50 3 2 -^^jattin. 3 3 -tfciKisigi, 3 4 -^saii 
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1^, 3 8 -mmm'fm<o}^^Bm9:mmm> 3 9 

3-3t5Stt§, 6 4-»?S14M. 6 5—0^1411, 6 6 
-m.m.^m. 6 7 -$m^. 6 8 -^^BBHai^s 6 9 - * 
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*mMim. 7 o-mmm^m. 7i' 

7 3 •••S:5*fiS14m, 7 4 -ffcfiSlilg. 
7 6 -Ulcfiaitll, 7 7-^^«14K, 7 

7 9 -$miiJ^. 8 0 •••fiii:ffi'fblii> 8 



7 2- 
7 

1 — «aK 



[1112] 






38 
37 
36 
35 

34 

33 





[gl4] 




caHftiKa}iMF(no 
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